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Abstract

Proteus mirabilisis an important
uropathogenic bacterium. A number of
virulence factors have been reported
including hemolysin, protease, urease,
flagella. The bacterium also exhibits a
multicellular behaviour called swarming,
which isinvolved in the ascending urinary
tract infections. Recently, a global repressor
called rsmA, which can suppress expressions
of virulence factors and the synthesis of

guorum-sensing signal molecules, has been
reported. The wide presence of the rsmA
homologue in many enterobacteria suggests
that rsmA is one of the important regulatory
genes of enterobacterial species and its
function is through quorum-sensing system
to modul ate the expression of various
phenotypic traits. In order to investigate the
roleof RsmA in P. mirabilis, we cloned the
rsmA gene (hereafter rsmAp,,) from P.
mirabilis. A low-copy plasmid carrying
rsmAem expressed from its native promoter
in P. mirabilis caused suppression of
swarming motility and the expression of
virulence factors. RNA stability asssay
indicated that RsmApr, acts through
promoting MRNA degradation of the
virulence gene. We aso observed that rsmA
of both Serratia marcescensand Erwinia
carotovora subsp. carotovorahas similar
effect on swarming motility and expression
of virulence factorsin P. mirabilis.
Complementation of E. coli csrA mutant
with rsmAe, further confirmed the functional
similarity between csrA and rsmA. PNPG, an
anti-swarming agent, islong used for the
isolation of pathogenic bacteria from
specimens contaminated with swarming
strains of Proteus spp, but the underlying
mechanism is unclear. In order to investigate
the effects of p-nitrophenylglycerol (PNPG),
a potent anti-swarming agent, on the various
swarming-associated traits of P. mirabilis
and to elucidate the rel ationships among
them, P. mirabilisgrowth rate,
swarming/swimming activity, cell invasion
ability, and the ability to express various
virulence factors was monitored in the
presence or absence of PNPG. It was found
that PNPG could inhibit the growth rate,
swarming differentiation, and
swarming/swimming activities of P.
mirabilis. The expression of virulence
factors, such as protease, urease, haemolysin
and flagellin, in P. mirabiliswas also
inhibited by PNPG. The ability of P.
mirabilisto invade human urothelial cells
was reduced dramatically in the presence of
PNPG. These results suggest that PNPG has



the potential to be developed as an agent
active against the effects of P. mirabilis
infection.
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Proteus mirabilisis a pathogenic
gram-negative bacterium frequently causing
serious urinary tract infections (UTI). The
bacterium has a number of virulence factors,
including hemolysin, urease, protease,
flagella, and determinants that facilitate
invasion of mammalian cells. In addition, P.
mirabilisexhibits aform of multicellular
behaviour termed swarming, which involved
cyclical differentiation of typical vegetative
cellsinto filamentous, ultinucleate
hyperflagellate swarm cells capable of rapid
and co-ordinated population migration across
surface (1). The ability of P. mirabilisto
swarm playsarolein ascending UTI, is
strengthened by the discovery that
differentiation of cellsto hyperflagellated
swarming form is coupled to the
overexpression of virulence genes (2-3). A
mode of gene regulation called quorum-
sensing system has been reported in many
bacteriainvolved in the control of various
phenotypes (4-6). In the mode of quorum
sensing system, all the bacteriawill not
behave such interesting phenotypes only after
they reached a certain population density.
The quorum- sensing signal was analyzed to
be akind of homoserine lactone (HSL),
which was synthesized by Lux | (7).
Chatterjee et al., in 1995 identified a global
repressor gene, rsmA (repressor of secondary
metabolites), in E. carotovora subsp.
carotovorathat controls the expression

of extracellular enzymes, HSL synthesis, and
pathogenicity (8). E. carotovora subsp.
carotovora carrying rsmA showed decreased
virulence factor expression and HSL
signaling molecule expression (9). It isvery
interesting that high percentage of amino acid
sequence homology was found between
RsmA and E. coli regulatory protein CsrA
(carbon storage regulator) (10). The
regulatory mechanism of CsrA controlling

glycogen production was proved to be via
affecting g/lgC ( one of the glycogen synthesis
genes, encodes ADP-glucose
pyrophosphorylase) mMRNA stability (11).
The anti-swarming agent p-
nitrophenylglycerol (PNPG) has long been
found invaluable for the recognition and
isolation of pathogenic bacteriafrom
specimens contaminated with swarming
strains of Proteusspp. However, the
underlying inhibitory mechanism was still
unknown. In this study, we want to elucidate
the PNPG and rsmA on the effect of
swarming and virulence expression in P.
mirabilis.

1. Wecloned rsmAfrom P. mirabilis. Our
data established that P. mirabilisrsmAis
ahomologue of E. coli csrAand rsmAgc.
First, the DNA sequence and the
predicted products of these genes share a
very high percentage of identity. Second,
they all bear a putative RNA binding
motif. Third, rsmAg. and rsmAg, can
trans-suppress swarming motility and
virulence expression in P. mirabilisas
rsmApm can. Fourth, P. mirabilis rsmA
can complement the glycogen-excess
phenotype of E. coli csrA mutant.
Furthermore, complementation of csrA
mutant with rsmAp,, aso restore the
wild-type cell length and abolish the
biofilm formation of the csrA mutant.

2. Like CsrA and RsmA g, RsmA pralso
affect mRNA stability and consequently
the cognate phenotypes.

3. It wasfound that PNPG could inhibit the
growth rate, swarming differentiation,
and swarming/swimming activities of P.
mirabilis. The expression of virulence
factors, such as protease, urease,
haemolysin and flagellin, in P. mirabilis
was also inhibited by PNPG. The ability
of P. mirabilisto invade human urothelial
cells was reduced dramatically in the
presence of PNPG. These results suggest
that PNPG has the potential to be
developed as an agent active against the



effects of P. mirabilisinfection.

We have e ucidated the effect of rsmAand
PNPG on the swarming and virulence
expression. We are now using
transposon-mutagenesis to investigate the
inhibitory mechanism of PNPG. We also
plan to find the possible quorum-sensing
signals and their genes responsible for their
synthesis by different quorum-sensing
detector systems.
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